other symptoms and died about six months after admission to hospital. An autopsy was performed and the brain was removed. The late Professor Shattock made a beautiful drawing of the tumour, published in the Transactions of the Pathological Society. Since that time he, Sir Charles, had seen a considerable number of such cases, in all of which the tumour had been one-sided. The President's remark that tumours occurred on both sides in only 1 in 100 cases was probably correct; but there was no reason why they should not occur on both sides in Recklinghausen's disease.
A unilateral tumour in an early stage could be easily and successfully removed by free exposure and by the use of the Bovey-Cushing instrument which cut the tissues without burning them, coagulated them and prevented heemorrhage.
Mr. SYDNEY SCOTT reminded Dr. Gray of a section of the labyrinth which he, the speaker, had shown at a previous meeting which bore out Dr. Gray's findings, an auditory nerve tumour having invaded the labyrinth.
Mr. SOMERVILLE HASTINGS said that the organ of Corti was destroyed in the lower coils of the cochlea rather than the upper coils, and asked whether that was usual in cases of pressure on, or destruction of, the auditory nerve. Had Wittmaack recorded this as the result of his experiments ?
Dr. GRAY (in, reply) said that in consequence of the erosion of the temporal bone it would have been impossible to get the tumour away completely. It was not Wittmaack who discovered the degeneration of the organ of Corti in acusticus tumour cases, but Panse.
In some cases the organ of Corti underwent complete degeneration throughout the cochlea, and in others it remained undamaged. But, as Mr. Somerville Hastings pointed out, the curious feature about this case was that the organ of Corti disappeared in the lowest wall, not the upper. If the patient had lived longer the upper part also might have disappeared.
Pathological Changes in the Auditory Nerve in Otosclerosis and their Significance Clinically, especially with regard to Paracusis Willisii. ALBERT A. GRAY, M.D. In the writer's work on "Otosclerosis " published 15 years ago' the pathological changes which were found in the four cases of the disease are described. Towards the end of the description of each case there is a statement to the effect that, although no pathological changes were demonstratable in the cochlear nerve, it must not be concluded that such changes did not exist. They might quite probably be present, but if so, the methods of microtomy and microscopy then available were not sufficiently delicate to show them.
In the intervening 15 years, improvements in the technique of examining the organ of hearing have been made by the present writer and others. By means of these improvements it is now possible to detect pathological changes which were not visible before, and by their application the writer has now been able to demonstrate pathological changes in the cochlear nerve in cases of otosclerosis.
In the following pages these changes will be described, and their significance in respect of our views on paracusis willisii in particular and otosclerosis in general, will be considered.
Over a long period of time the writer has had the opportunity of obtaining the auditory nerves from several subjects who had suffered from otosclerosis during their life. In some cases the temporal bones were also obtained. These have been prepared and mounted as microscopical sections, and in this paper some of the results of the examination of these will be given, chiefly with regard to the condition of the cochlear nerve.
In all cases formalin was the fixing agent employed, sometimes in combination with alcohol and sometimes with normal saline. The staining in all cases was done with iron alum and hwmatoxylin. The embedding of the preparations was done either in paraffin or celloidin or both together; and, since the lipoid substances which are present in the medullary sheath are dissolved away in these methods of embedding, no reference can be made to the changes which may occur in them in otosclerosis. For their investigation special methods are required.
Ca8e I.-The cochlear nerve was obtained from a case of otosclerosis in which the deafness had existed for three years. That is to say, it was a comparatively early case.
The clinical report, as well as the pathological changes found in the bone, are recorded in the writer's " Otosclerosis," 1 and will only be referred to here in so far as they have a direct bearing on the matter in hand. Upper part of field shows absence of spiral filament in many fibres, but the neurilemma is well preserved and axis-cylinder present. It will be observed that when the spiral filament has gone the axis-cylinder lies at the side of the fibre against the neurilemma. The lower part of the field shows the neurilemma in process of degeneration and large spaces forming. (Zeiss 8 mm. obj. No. 8 eyepiece.)
In fig. 1 , which shows a transverse section of the cochlear nerve, it will be seen, in the upper portion of the photograph, that in a large number of the fibres the spiral filament is not present; indeed this structure is only found in a few. In a very considerable proportion of the fibres the axis-cylinder is still present, but it Is interesting to observe that in most, if not in all, of those fibres in which the medullary sheath is absent, the axis-cylinder is found not in the middle of the fibre, which is its normal position in a healthy nerve, but at the side, and lying in contact with the neurilemma. The neurilemma itself, although by no means normal in appearance, is fairly complete in most of the fibres, which are to be seen I Gray, op. cit., p. 74. in the upper portion of the photograph. In the lower portion of the photograph it is obvious that the pathological changes are more advanced than in the upper. The medullary sheath is found in very few of the fibres, and the axis-cylinders are relatively few in number. The neurilemma in this portion of the photograph is seen to be undergoing marked degeneration. It has, to a large extent, disappeared altogether from many of the fibres, with the result that large spaces are formed by the coalescence of several adjacent ones. In a few fibres, however, it still appears to be fairly normal in appearance. ,J-In fig. 2 is shown a photomicrograph of a longitudinal section, which shows the pathological changes rather better than a transverse one. The spiral filament is seen to be absent altogether from some parts of a fibre, but present, though in a rather broken-down condition, in other parts. Furthermore, the comparatively sharp outline of a healthy nervefibre is noticeably absent in many of the fibres in this case. This is owing to the disappearance of the neurilemma or, in some parts, to the fact that the latter, though still present, stains very faintly owing to its degenerated condition.
This case is interesting in respect of the bearing it has upon the relationship of the bony change in the capsule of the labyrinth to the changes in the auditory nerve. Almost all otologists recognize that the symptoms of the disease in its later stages indicate a diseased condition of the nerve, but very many assume that the changes in the nerve are secondary, and due to the interference with the relief to pressure changes within the labyrinth, resulting from bony fixation of the stapes. Now in this case, although bony changes of the typical otosclerotic type were present in the usual place in front of the oval window in both ears, these changes have not affected the stapedio-vestibular articulation on either side, and therefore could not interfere with changes in pressure in the labyrinthine fluids.
A further interest centres in this case in that it reveals the fact that the changes in the nerve are found in an early stage of the disease, and not, as is frequently assumed, exclusively in the later stages.
Case II.-There is no clinical report of this case. All that could be ascertained was that during her life the patient was dull of hearing, but could hear conversation quite well if the voice were raised a little.
The stapes was fixed in the oval window in both ears by bony ankylosis. A transverse section of the cochlear nerve is shown in fig. 3 .
In a considerable portion of the field the nerve fibres showing definite pathological changes are comparatively few in number and in this portion the neurilemma in particular is well stained and shows little signs of degeneration. In the remaining portion of the field, there is very definite evidence of degenerative processes in the nerve fibres. In most of. them the medullary sheath has disappeared and the neurilemma stains faintly and in many of the fibres portions of it are lost altogether, with the result that adjacent fibres can be seen in the process of coalescence, thus producing comparatively large empty spaces.
The axis-cylinders are still present in some of the spaces and can be seen lying in contact with the neurilemma. In a few of the spaces, however, they seem to have disappeared altogether.
There is no sign of any inflammatory condition, past or present. There is no round cell infiltration nor any new-formed connective tissue. The changes are purely degenerative in character.
Case III.-In this case also there is no clinical history, but it was ascertained that during life the patient was very deaf, but could hear the loud voice when spoken close to his ear. His wife could not remember whether he had ever heard better in a noise or not. The stapes was fixed by bony ankylosis in both ears. Fig. 4 shows a transverse section of the cochlear nerve. It will be seen that in the whole field there are few nerve-fibres that present a normal appearance.
The great majority show appearances similar to those found in the more seriously affected portions in the two cases previously described. In by far the greater number of fibres the spiral filament has disappeared, and in a great many the neurilemma stains faintly in some parts and in other parts has disappeared altogether.
The axis-cylinders are present in very considerable numbers and are to be seen in fibres which have lost their spiral filament and even in some of those in which the neurilemma is degenerated and in some portions lost altogether.
In those fibres in which the spiral filament is lost, it will be noticed that the axis-cylinder usually lies close up against the neurilemma, if the latter is still present in that fibre. There is no sign of inflammatory changes, past or present. It is to be noticed, however, that there are still a few healthy nerve-fibres with the spiral filament still present and the neurilemma intact.
Case IV.-No clinical report was obtained in this case, but from the nursing attendants it was ascertained that the patient was extremely deaf. They could, however, make him hear and understand conversation by shouting loudly very close to his ear. Whether he had ever been the subject of paracusis is not known.
The stapes is fixed by new-formed bone in the oval window in both ears and was, except for the outer portions of the crura, embedded in bone.
The pathological changes in the cochlear nerve were much more pronounced than in any of the three cases previously described. The nature of the changes was, however, very similar. The major portion of the field consists of large spaces formed by the coalescence of several adjacent nerve-fibres by the breaking down of the neurilemma which separated them. * The spiral filamnent has disappeared in almost all the fibres, though here and there a few can be found in which no sign of disease is present.
The neurilemma is very seriously damaged, and stains very faintly except in a few scattered patches. The axis-cylinders are relatively much fewer in number than in the three previous cases, but even in this advanced case of deafness they are not destroyed to the same extent as is the spiral filament or even the neurilemma, as was observed in the other cases. There is no sign of inflammatory activity, nor is aniy new-formed fibrous tissue present.
The process is a purely degenerative one. Case V.-This case is not one of ostosclerosis, but of pure senile deafness. The patient died at the age of 101 years, and for many years before her death she had been so deaf that no one could make her hear at all. The writer saw her a few months before she died, and the sound of a loud dinner bell was not heard even when rung close to her head.
A photomicrograph of a section of her temporal bone is shown in the writer's " Atlas of Otology," and it will be seen that there is no bony change in the capsule of the labyrinth, and that the stapes lies freely movable in the oval window. The changes in the cochlear nerve are shown for the purpose of comparison with those found in otosclerosis, as recorded in the previous four cases. Fig. 7 shows a transverse section of the cochlear nerve in this case. It will be observed that the spiral filament has completely disappeared in almost every fibre, though little fragments of it may be seen here and there. The neurilemma also has undergone considerable degeneration, and there are many empty spaces formed by the coalescence of several adjacent fibres.
But this change is hardly any nmore pronounced than in Case No. 4 of otosclerosis just recorded. The most striking feature is the remarkable extent to which the axis-cylinders are apparently unaffected. Over the whole field axis-cylinders are present in large numbers, and in this respect senile deafness stands out in striking contrast with advanced cases of otosclerosis.
The facts concerning the pathological changes found in the four cases of ostosclerosis described above may be summarized as follows:-In the early stage of the disease, the medullary sheath appears to be the first to undergo degeneration, as shown by the breaking up and loss of the spiral neurokeratin filament. ThA next change is the breaking down of the neurilemma with the resulting formation of large spaces formed by the coalescence of several adjacent nerve-fibres.
Finally there is a tendency towards the disappearance of the axis-cylinder, though even in very advanced cases some are still present.
The most striking difference, so far as changes in the cochlear nerve are concerned, between otosclerosis and senile deafness, is the persistence with which the axis-cylinder survives in senile deafness. Of course it is highly probable that, in a case of such profound senile deafness as that just recorded, other and more serious changes would be present, either at the synapses of the neurons or in the projections of the auditory nerve in the central nervous system.
Before passing on to consider the direct bearing which these changes in the cochlear nerve have upon our conception of otosclerosis, it is desirable to point out certain fallacies commonly held with regard to the cause of the clinical symptoms and the pathological conditions.
Many otologists appear to hold the view that the deafness is due to the fixation of the stapes, although many others admit that the so-called secondary changes in the nerve bring about an increase in the deafness. But Cases 1 and 2 in the writer's work on otosclerosis' show clearly that the deafness makes its appearance before the stapes is fixed. In Case 1 the deafness was very considerable in both ears and had been in existence for three years. In Case 2 it had been noticed for only one year, but in spite of its comparatively short duration it was fairly severe in degree, the whispered voice which is normally heard at a distance of 6 to 7 yards, being only heard at a distance of 11 ft., and the watch, normally heard at 2i yds, was only heard at a distance of 2 in.
Another erroneous idea commonly held is that the essential feature of the chanige in the labyrinthine capsule is the deposition of new-formed bone. Now the deposition of new-formed bone is not the crucial feature as regards the bony change. Absorption of bone is the primary and sometimes the only change, as is shown in Case 2 2. It is true, however, that in the great majority of cases the deposition of bone does follow the absorption.
The pathological changes in the cochlear nerve which have just been demonstrated must affect very markedly our attitude towards the otosclerosis problem in general and the symptomatology in particular. In the following pages the symptom which will be considered in most detail will be paracusis willisii, but some remarks will be made later in regard to tinnitus and the vasomotor reflex of the tympanic membrane.
At one time the explanation of paracusis most commonly accepted was that the larger vibrations of the loud disturbing sound produced movements of the stapes, which allowed the smaller vibrations caused by the voice to reach the fluids of the labyrinth, which they were not able to do by their own unaided energy. For a number of years, however, I have noticed that an increasing number of otologists refuse to accept this explanation, though none of those of whom I have made inquiries had any explanation to offer as a substitute for that which they had discarded.
In the writer's work on otosclerosis 3 just referred to there are recorded two cases, which alone give almost clear proof that paracusis cannot be explained by fixation of the stapes. In the case recorded on p. 92 in that work, paracusis was strikingly present in spite of the fact that there was no fixation of the stapes in either ear. Indeed, owing to the fact that the bone in the affected region had been absorbed without any subsequent deposition of new bone, the stapes and adjacent regions of the walls of the oval window were more mobile than normal. On the other hand. in the case recorded on p. 104 the stapes was fixed by bony ankylosis in both Proceedings of the Royal Socidy of Medicine 106 ears. The patient had suffered from gradually increasing deafness for twenty-five years, and at the time of the clinical otological examination she was very deaf. Yet this patient had never at any time noticed that she heard any better in a noise.
From a consideration of these two cases, it follows that the explanation of the occurrence of paracusis must rest on grounds other than the fixation of the stapes.
The writer ventures to suggest that the occurrence of paracusis depends upon the changes in the cochlear nerve described in the earlier portion of this paper. It is important to point out that the term paracusis willisii may mean either that the patient hears absolutely better in a noise than in silent surroundings, or that, relative to normal hearing individuals, he hears better in a noise, but not absolutely better than he does in a surrounding silence. It is probable that both conditions occur and the explanation of the phenomenon which is given in the following pages applies equally well to both.
Under normal physiological circumstances the axis-cylinder of a nerve fibre is insulated by the medullary sheath, and very probably also to a certain extent by the neurilemma, since some of the fibres of the sympathetic system have no medullary sheath. Nerve impulses, therefore, cannot under healthy circumstances pass from one nerve fibre to the adjacent ones. The strength of the nerve current depends upon the number of impulses per second and not upon the intensity of the individual impulses, since it has been demonstrated by Adrian that nerve impulses are of equal intensity when a nerve fibre is stimulated. The resistance offered to the nerve current is found, for the most part, at the synapse of the neuron. In the case of a sensory nerve, therefore, the intensity of the sensation may be increased either by increasing the number of impulses per second or by diminishing the resistance at the synapses, and conversely. So long as the axis-cylinder is insulated by the medullary sheath and neurilemma, the impulses will not be lost nor be able to pass into the surrounding adjacent nerve fibres, and the strength of the nerve current will be maintained up to the synapse of the neuron.
But if the medullary sheath and neurilemma are damaged and no longer able to insulate the axis-cylinder, then the impulses are able to a certain extent to escape into the surrounding tissues and the strength of the current diminishes as it passes up the nerve fibre to the synapse. But if there happened to be several adjacent nerve fibres in which also the axis-cylinder is not insulated on account of the damaged condition of the medullary sheath and neurilemma, then it is obvious that impulses can pass from one axis-cylinder to adjacent ones and vice versa.
In otosclerosis, as has been demonstrated in the earlier part of this paper, there are found pathological changes such as those just suggested, and we may expect therefore that, under these circumstances, nerve impulses may pass from one nerve fibre to adjacent ones, which would not be possible in a normal healthy cochlear nerve. On this basis it appears to the writer that some of the clinical symptoms of otosclerosis can be explained.
It is necessary, at this point, to make a brief reference to the anatomical arrangement of the fibres of the cochlear nerve. In general, nerve fibres which come from adjacent portions of the organ of Corti remain adjacent to one another in their course through the bony spiral lamina to the ganglion spirale, and, further, nerve fibres from the ganglion spirale passing down into the modiolus also remain adjacent to one another. Thus, fibres from the organ of Corti in the apical region of the cochlea pass in towards the modiolus together and turning downwards they form the central core of the cochlear nerve.
On passing downwards from the apex, the nerve fibres coming inwards are successively laid on outside those which have come from above. Hence, as the cochlear nerve leaves the modiolus to enter the internal auditory meatus the nerve fibres from the apical regions of the cochlea lie in the central portion of the nerve, while those from the basal parts of the cochlea are found in the periphery. As far as the writer has been able to observe, this arrangement of the fibres remains the same along the course of the cochlear nerve in the meatus, and indeed this is what would be expected.
With these anatomical and physiological facts at hand, and taking them in conjunction with the pathological changes described in the first part of this paper, we are, I think, in a position to give a reasonable explanation of that curious feature paracusis willisii, so often noticed in cases of otoselerosis. Fig. 8 is a diagram showing in transverse section a portion of the innermost part of the cochlear nerve of a normal bearing individual; that is to say, fibres which come from the apical whorl and the upper part of the middle whorl of the cochlea in which region the lower notes of the scale are transformed into nerve-impulses. Fig. 9 is another diagram representing the same portion of the cochlear nerve in the case of an individual who is the subject of otosclerosis, and in whom, therefore, the axiscylinders are not completely insulated, as has been demonstrated in the previous pages of this paper. The individual with the normal cochlear nerve may be called "B "' and the one who is suffering from otosclerosis "C."
Let it be supposed that a conversation is being carried on between these individuals B-C and another individual who may be termed " A."
We will assume that A is speaking at a given moment and that the three individuals are together in comparatively silent surroundings. Taking a very short period of time, say a fraction of a second, during A's conversation, let us try and visualize what is occurring in the fibres of the cochlear nerve in B and C respectively.
In the case of B, who has a normal nerve, at a given moment of A's conversation certain fibres will be transmitting the currents which are created by A's voice at that moment. These fibres, shown outlined in thick lines in the diagram, being well insulated, will not permit any loss of nerve-impulses, and the current will be transmitted upwards in practically its full strength. But in the case of C a different state of matters is found. The nerve fibres, which are carrying the current which is created by the different tones in A's conversation, are not properly insulated. Consequently nerve-impulses escape from these fibres and pass into the adjacent nerve-fibres at points where the latter have lost their neurilemma and medullary sheath. These impulses, therefore, are lost so far as they would enable C to hear A's conversation. Such is the case when the surroundings of the three individuals are silent.
The conditions are different when the conversation is being carried on in noisy surroundings, as in the roar or rattle of a train or in the loud noise which occurs in many factories, etc. Under these circumstances the nerve fibres which are carrying the currents created by A's conversation are surrounded by fibres which are carrying currents created by the noise of the factory or the roar of the train. Furthermore, since these latter fibres are carrying currents produced by a stronger stimulus, the nerve-impulses will be greater in frequency in them than in the fibres carrying the currents produced by A's conversation.
But if the insulation of the axis-cylinders is imperfect owing to the loss in patches of the medullary sheath and neurilemma, as is the case in the otosclerotic individual C, then the fibres which are carrying the currents created by A's conversation will gain from the adjacent fibres carrying those produced by the surrounding noise more impulses than they will lose.
In the case of the healthy nerve, on the other hand, there can be no passage of impulses from one nerve-fibre to adjacent ones, and the currents created by the surrounding noise in B's case cannot be diverted to strengthen the currents created by A's conversation. To put the matter in as concise a form as possible, it Way be expressed thus: In the normal individual the nerve currents in the cochlear nerve created by the conversation derive no increase of intensity from the nerve currents produced by the surrounding noise, whereas in the case of the paracusic individual they do. Consequently, the latter hears relatively better in a noise than a normal individual. Furthermore, it is quite possible that the paracusic may hear absolutely better in a noise than in silent surroundings.
In vol. xliii, p. 261, of the Journal of Laryngology and Otology, Mr. Somerville Hastings described a condition which had never previously been observed. He found in a certain number of deaf patients who were the subjects of paracusis that, if a disturbing sound were applied to one ear and a testing sound (a tuning-fork) were at the same time applied to the opposite ear, the testing sound was heard better than when the disturbing sound was not applied to the other ear. The condition was found to exist in several patients and repeated examination proved the unquestionable reality of the facts. At first sight it would appear difficult to find an explanation of this condition of crossed paracusis. But if the writer's hypothesis of ordinary paracusis willisii be applied, then the phenomenon can be accounted for without much difficulty. In the writer's explanation of the occurrence of ordinary paracusis given in the preceding pages the cochlear nerve was considered as being diseased only in its course from the medulla to its distribution in the cochlea. But there is no reason why similar pathological changes should not occur in the intracerebral projections of the nerve. Now, the cochlear nerve on its passage through the medulla and up to the higher centres of the brain, undergoes a partial decussation similar to that which occurs in the optic nerve at its commissure. That is to say, some of the fibres of the cochlear nerve pass up to the higher centres of the same side, while others cross over and pass up to the corresponding centres of the opposite side. Hence, after the decussation has taken place, fibres from the left ear will pass along adjacent to corresponding fibres from the right ear up towards the higher centres. Therefore, a lesion in this region will affect fibres coming from both right and left ears; and, if the lesion should be of the same nature as that which has been demonstrated in the early pages of this paper as affecting the cochlear fibres between the medulla and the cochlea itself, then the same phenomena may occur. That is to say, nerve impulses will be able to pass from one nerve fibre to adjacent nerve fibres. When, therefore, the disturbing noise is applied to say, the right ear, nerve impulses in the fibres in this region above the decussation can pass over to adjacent fibres coming from corresponding regions of the cochlea of the left side. The nerve-current aroused by the testing sound in the left ear will thus gain in strength by the impulses which it receives from the right ear, because the noise in the right ear will produce a stroDger nerve-current, since it is louder and causes a greater stimulation of the peripheral sensory end-organs. In fact, in these cases of crossed paracusis precisely the same phenomenon is taking place as that occurring in the stem of the auditory nerve between the medulla and the cochlea, and consequently the testing sound applied to the left ear will be heard louder than it is when there is no disturbing sound applied to the right ear.
Paracusis is a symptom which, though it may endure for many years in the course of a case of otosclerosis, does tend ultimately to disappear, and, in view of the explanation of its occurrence just given, there is not much difficulty in understanding why it should disappear. As the disease progresses and as age advances, the axis-cylinider itself undergoes retrograde changes, either in its course or in the region of the synapse, and becomes unable to transmit the nerve-current as it does when in a healthy condition.
Tinnitus is another of the common symptoms of otosclerosis for which no explanation in the least degree satisfactory has ever been given, so far as the present writer is aware. He, therefore, offers the following explanation which may perhaps be worthy of consideration. The axis-cylinder of a nerve fibre in a healthy condition is remarkably well protected by the neurilemma and medullary sheath against the products of metabolism in the surrounding tissues, which from their chemical constitution might have a damaging effect and, by irritating it, produce symptoms corresponding to the particular function which that nerve fibre subserves. Thus, the'axis-cylinder of a nerve fibre of common sensation, exposed under these conditions, might give rise to a subjective sensation of pain, those of the eye to subjective sensations of light and those of the olfactory nerve to parosmia. Now, as has been shown above, the axis-cylinders of many of the fibres of the cochlear nerve in a case of otosclerosis have to a-large extent lost their protective covering and are exposed to the injurious products of metabolism in the surrounding tissues. Under these circumstances, therefore, it would not besurprising 'if subjective sensations of a sound should be perceived by the patient. This explanation would account for one curious feature in regard to tinnitus and that is the fact that in a certain proportion of cases it is the first sign of disease. In 'the majority of cases it is true that deafness is the first symptom, but the fact remains that in a considerable percentage the deafness is preceded by tinnitus.'
The facts demonstrated and the suggestions made in the preceding pages have very obviously an important bearing upon the otosclerosis problem in general. In his work on otosclerosis the present writer made the suggestion that when the clinical and pathological facts are considered together the most natural conclusion at which we may arrive is that the disease is a degenerative process affecting the organ of hearing as a whole, and not a mere local change in the bony capsule of the labyrinth. The facts concerning the changes in the fibres of the cochlear nerve described above lend support to this view.
It has been shown that these changes in the nerve fibres may occur before ankylosis at the stapedio-vestibular articulation has taken place, and they cannot, therefore, be looked upon as secondary changes resulting from interference with the pressure changes within the labyrinth.
As otologists, we have allowed these changes in the bony capsule of the labyrinth to influence our judgment far too much, both from the clinical and the pathological points of view. It is difficult to see, for example, how a change in bone in a very minute portion of the labyrinthine capsule could produce the greatly diminished sensitiveness of the tympanic membrane and the sluggish vasomotor response of the blood-vessels of that membrane which is so strikingly characteristic of otosclerosis. But, having escaped from the bondage of the osseous change in the capsule of the labyrinth, we must be careful not to fall too much under the spell of the pathological changes in the cochlear nerve which have been described in this paper. These changes are no doubt responsible for some of the worst symptoms of the disease, and'from that point of view are much more important than the osseous changes in the labyrinthine capsule. But they do not by themselves explain all the phenomena characteristic of the disease. They do not, for example, explain the occurrence of the bony change referred to, nor do they explain the diminished sensitiveness and sluggish vasomotor'response of the tympanic membrane or the diminution in the secretion of the wax.
The pathological changes in the bone and the auditory nerve must be looked upon as characteristic of the disease and also as the causes of the symptoms, but it is impossible to look upon either of them as the cause of the disease itself. This must be sought for elsewhere, and it will be the business of otological research to continue the quest and endeavour to ascertain what change in the body is capable of producing these changes in the bone of the labyrinthine capsule and in the auditory nerve. And if the writer may be allowed to speculate for a'moment, he would suggest. that this mysterious change is to be looked for in the nerve structures associated with the sympathetic nervous system. It must be remembered that the nutrition of every organ and 'tissue in the body is under the control of this autonomous system. Whenever an organ or a structure functions, a reflex is started in that organ or structure and passes by various paths, according to the structure in question, to the sympathetic system, and from there effects an alteration in the calibre of the blood-vessels supplying the structure and so maintains it in a bealthy state of nutrition. And the organ of hearing is no exception to this rule in any of its parts. If the reflex continually fails to act any or all of the tissues of which the organ of hearing is composed will undergo degenerative changes. The writer's suggestion is that these degenerative changes in the organ of hearing constitute the condition which we call otosclerosis. And in support of this suggestion it may be pointed out that all the changes which are to be found in otoselerosis are degenerative in character and not inflammatory. This is true of the changes in the tympanic membrane, in the bony !capsule of the labyrinth and in the auditory nerve. The suggestion is further supported by the fact which is observed clinically in cases of otosclerosis, that the vasomotor response of the tympanic membrane is very sluggish and sometimes absent altogether. It requires indeed no very great stretch of the imagination to suppose that a similar gradual loss of the vasomotor reflex occurs in the blood-vessels supplying the bony capsule of the labyrinth and the fibres of the auditory nerve. If I may be allowed to digress into an allied branch of medicine, I would like to suggest that an explanation of atrophic rhinitis may be given similar to that just given for otosclerosis. The two diseases present many parallelisms. They are both essentially diseases of a special sense and in both there is a slowly progressing loss of that sense. Both are frequently accompanied by subjective sensations characteristic of that sense, tinnitus in the one case and parosmia in the other. Both are accompanied by a diminished sensitiveness of the superficial tissues and in both the vasomotor reflex, which should occur on mechanical stimulation of those tissues, is either absent or very sluggish. In both there is a diminution in the secretions of the two organs-wax in the case of one and nasal mucus in the case of the other. Both diseases tend to make their appearance most commonly about the same period of life, and hereditary influence is conspicuously present in a large number of cases in both.
Women are rather more liable to both atrophic rhinitis and otosclerosis than are men, and in the days when chlorosis was a very common disease, otosclerosis and atrophic rhinitis frequently made their appearance when young women were affected by that form of anemia.
It appears to the writer, therefore, to be very probable that a common cau3ative factor is active in these two diseases-otosclerosis and atrophic rhinitis-and that this factor is a defect in the vasomotor reflex arcs by means of which the nutrition of the tissues is maintained-in the organ of hearing in one case, and in the organ of smell in the other. SUMMARY.
In otosclerosis there is a degeneration of the fibres of the cochlear nerve, which appears first in the medullary sheath and neurilemma, and later in the axis-cylinder.
This process occurs independently of the fixation of the stapes or of the bony change in the capsule of the labyrinth, and it probably precedes both. Deafness occurs as a result of the degeneration of the fibres of the cochlear nerve before the stapes is fixed.
The clinical picture of otosclerosis is produced for the most part by this degeneration of the cochlear nerve, and only to a minor degree by the fixation of the stapes. The latter may add to the deafness already present and may also account for the relatively prolonged bone conduction. Paracusis willisii, tinnitus and for the most part also the deafness, are due to the diseased condition of the nerve.
The diminished secretion of wax in the meatus, the sluggish vasomotor reaction and accompanying diminished sensitiveness of the tympanic membranb, the bony JUNE-OIOL. 3 * change in the capsule of the labyrinth and the degeneration of the cochlear nerve are independent of each other and do not stand in the relationship of cause and effect. They are called into existence by some common factor which is probably to be looked for in the vasomotor arc which controls the nutrition of the structures of the organ of hearing as a whole. These changes in the various structures are all degenerative in character and not inflammatory. They may occur in varying degree in the different structures in different individuals. Hence the clinical picture of otosclerosis varies within fairly wide limits in different cases.
Discussion.-Sir JAMES DUNDAS-GRANT suggested that many cases of paracusis might be due, not to the action of the noise on the patient, but to the raising of the voice on the part of the person to whom the deaf person was listening. On one occasion he had had a young woman patient suffering from paracusis and in an advanced stage of otosclerosis, but without adhesions. When he put the noise machine on the patient's head she heard worse but when he put it on her mother's head and she (the mother) began to speak, the girl said "I hear you; you are speaking through a telephone." When the accompanying person and the patient were together, the noise usually of a deep pitch deafened the person with good hearing, while not intensifying the deafness of the patient who was deaf mainly to the deep tones as in otosclerosis. That was the explanation of many cases of paracusis. A number of years ago a French writer on the subject said that the lesion which was at the bottom of otosclerosis was in tie medulla lying between the nucleus of the 5th and that of the 8th nerve.
Mr. SOMERVILLE HIASTINGS said that he had been particularly interested in Dr. Gray's ideas on paracusis. The explanation suggested was the only intelligible one which he had heard. Reference had been made to the work which Gordon Scarff and he (the speaker) had done in 1926, using Tucker's apparatus, whereby an oscillating wireless valve produced a pure note.. One of 520 vibrations was used for the most part, but it could be varied. They did not use a tuning-fork as the source of sound; as the disturbing sound they used an unclamped or unweighted tuning-fork of 72 vibrations, This sound could be put into the same ear as the test sound or into the opposite ear. On their telephones were thick pads of felt, so that when, for instance, the disturbing sound was turned on to the left ear and the right was being tested, it was impossible for the vibrations to have been carried through the skull and so have shaken up the ossicles on the right side, as predicated by the ordinary explanation of paracusis. The disturbing sound was tried on the opposite ear, as a sort of fool's experiment, and in 12 cases they had found that there was definite improvement in the hearing of the one ear by making a noise in the other ear. That was done many times, and in some cases marked improvement was established. In one case the hearing capacity in the right ear was doubled by the presence of a disturbing sound in the left ear. They recorded the f%ets, but did not suggest any explanation, and what Dr. Gray now said explained matters.
By means of such accurate records of otosclerotic cases a knowledge of this disease ought to be built up. It was now time that this Section adopted some definite classification-based, it might be, on clinical symptoms-of otosclerosis, so that when otosclerosis was spoken of the speaker and the hearer might have in mind a definite picture of what was meant.
Mr. E. WATSON-WILLIAMS asked whether these were definitely cases of otosclerosis ? The characteristic feature of otosclerosis was ear deafness, whereas one would expect a patient with such extensive degeneration of the nerve as that shown to have the signs of nerve deafness. Did these patients suffer from paracusis ? A priors, one would expect that if nerve impulses overflowed from one nerve fibre to another, say from a fibre conducting a continuous noise-sound into one conducting conversation-sound, it would be more difficult, rather than less so, to distinguish the finer modulations on which depended the appreciation of speech. He would like to ask whether there was any regional distribution of the degeneration in the first case; for example was it central? [Dr. GRAY: Yes.] This was interesting, as he had often observed that the loss of hearing in otosclerosis was absolute for very low tones, that is, it was a nerve deafness. Mr. A. LOWNDES YATES said that Dr. Gray had placed an entirely new view of paracusis before the Section, and so brought into line what had previously been divergent views. There was the possibility in many cases of a false paracusis, i.e., the patient did not hear the noise. There was also a type which could be called a " flush " paracusis. Any noise caused congestion of the vessels of the tympanum; one did not know if it also caused congestion of the vessels of the internal ear, though this was possible.
If a patient heard better in a noise and had true paracusis, that capacity to hear better continued after the noise had ceased for a varying time, which might be short or might be much prolonged. If one placed a strongly-sounding apparatus near an ear which was the seat of paracusis one could experimentally cause such a patient to feel that he was hearing better. Such improvement lasted for a time, and then the hearing relapsed to its former standard. Many reports of benefit to hearing from what were in effect noise machines, were due apparently to this temporary improvement-the result of " flush paracusis." Flush paracusis appeared, however, to be present in other conditions besides otosclerosis. In the case under discussion the diagnosis of otosclerosis was established by microscopy.
During life a certain number of cases which were clinically similar showed signs of former inflammatory changes in the middle ear. Was it not possible that if there was a lesion of the membranous periotic capsule, a slight inflammatory change might cause a good deal of mischief in the region of the round window or the oval window, leading to the type of deafness known clinically as otosclerosis? There must be many conditions of deafness clinically classified as otosclerosis in which one had no proof that there was any lesion of the bony periotic capsule until the patient died and the ear had been submitted to microscopic examination. In some of these, nerve changes might not yet have produced the lesions of the bony periotic capsule. Dr. Gray's observation formed a definite and important addition to knowledge of the Eetiology of otoselerosis.
Dr. ALBERT GRAY (in reply) said that Sir James Dundas-Grant was right when he referred to the raising of the voice in order to be heard. Some were not true cases of paracusis at all; other sounds did not disturb them so much as they disturbed normal people. But in cases such as those mentioned by Mr. Somerville Hastings, and most others in which that factor did niot enter, it seemed that there was a relative increase.
Otosclerosis was a manifestation of changes in which there was a certain general uniformity in the clinical and pathological pictures. But cases of otosclerosis differed from each other a good deal in minor details, and these differences depended on the extent to which the symptoms were due on the one hand to changes in the capsule of the labyrinth with fixation of that part, and on the other hand to changes in the nerve. All the changes, he contended, were degenerative and never inflammatory. If the results affected the oval window the ordinary otosclerotic type ensued, but in other cases types were found which were like the nerve type which Manasse described. In the latter case the patient was examined clinically, and after death the bones were examined. At the examination there was found fixation of the stapes on one side, while on the other it was a pure nerve deafness. A common but unknown origin was therefore present. He, the speaker, considered that the cause was related to the nutrition of the tissues.
With regard to Mr. Watson-Williams' remarks, the nerve impulses were added to by the disturbing noise. He reminded Mr. Watson-Williams that the axis cylinders were still functioning, and if the disturbing noise was a loud one the nerve-current was at a higher tension, and the axis cylinder which had the lower tension would receive nerve impulses from that of higher tension. The changes first appeared in the central part of the nerve. The fibres from the upper part of the cochlea came down in the core of the modiolus, and the other fibres were wound round like cotton on a spool.
In answer to Mr. Lowndes Yates' remark as to paracusis lasting after the sound was removed, he, Dr. Gray, thought that was due to the stimulating effect of the vibrations, such as occurred in the use of Noebel's apparatus. Active congestion in the vessels of the labyrinth certainly helped the hearing, and one was familiar with the effect of nitrate of amyl. He did not see how changes in the oval window and round window would affect the paracusis.
